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TO THE EDITOR
BP180 (type XVII collagen) is a key
transmembrane constituent of the epi-
dermal anchoring complex and is
thought to function in maintaining
dermal–epidermal adherence (reviewed
by Van den Bergh and Giudice, 2003).
The carboxy-terminal ectodomain
of BP180 is composed of a long colla-
genous sequence (Gly–X–Y tripeptide
repeats) interrupted by 14 internal and
two flanking non-collagenous stre-
tches (Figure S1) (Giudice et al.,
1992). Mutations in the BP180 gene
(COL17A1) are responsible for non-
Herlitz junctional epidermolysis bullo-
sa (Online Mendelian Inheritance in
Man # 113811), a recessive blistering
disease characterized by skin fragility,
atrophic alopecia, dysplastic teeth, and
nail dystrophy (Hashimoto et al., 1976;
Hintner and Wolff, 1982; Darling et al.,
1997). Of the COL17A1 mutations that
have been linked to non-Herlitz junc-
tional epidermolysis bullosa, most are
associated with absence of BP180
expression due to the introduction of
premature termination codons via a
substitution or a frameshift mutation,
resulting in a decrease in mRNA and/or
protein stability (reviewed by Pulkkinen
and Uitto, 1999; Bauer and Lanschuetzer,
2003).
Analysis of the products of disease-
associated COL17A1 mutations can
reveal new and important information
about protein structure and function.
Mutant isoforms that are stably ex-
pressed in a tissue-appropriate manner,
and thus presumed to be functionally
compromised, are of particular value in
elucidating stucture–function relation-
ships. The present investigation focused
on two BP180 mutations with this rare
feature – R1303Q and 4003delTC-
4080insGG (referred to here as delTC-
insGG) – both of which affect the
primary structure of non-collagen do-
main-4 (NC4). The latter isoform is
actually a double mutant – a frameshift
at position 4003 and a revertant at 4080.
The single frameshift mutation,
4003delTC, was also analyzed in this
study, although it is important to note
that the encoded truncated protein is not
stably expressed in the patients’ skin.
Additional information about the
three mutations is presented in Figure S1.
RESULTS AND DISCUSSION
The three BP180 mutations, R1303Q,
4003delTC, and delTC-insGG, were
engineered into a mammalian expres-
sion construct encoding the entire
BP180 extracellular domain (Balding
et al., 1997; Olague-Marchan et al.,
2000). The wild-type (sec180) and
mutated forms of the BP180 ectodo-
main (Figure S1; sequences shown in
Table 1) were expressed in the human
kidney cell line 293EBNA (Figure 1,
lanes 1, 4, 7, and 10).
Chemical crosslink analysis was used
to elucidate the oligomeric state of the
mutant recombinant proteins. Using this
technique, all three mutant proteins
were shown to exist as homotrimers,
with crosslink patterns similar to that of
the wild-type BP180 ectodomain,
sec180 (Figure 1). In order to better
assess the overall protein conformations,
the mutant BP180 isoforms were sub-
jected to gel filtration chromatography
on a Superose-6 column (see methods in
Supplementary material). The chromato-
graphic profiles of sec180 and all three
of the mutant proteins (Figure S2)
revealed the presence of a structure with
a Stoke’s radius in the range of
135–145 A˚ (Table 2), indicative of an
elongated multimeric protein with a very
high length-to-width ratio and consistent
with a long, interrupted collagen triple
helix. The crosslink and gel filtration
data are consistent. Together, they show
that the BP180 ectodomain is capable of
forming a collagen homotrimeric com-
plex, even when it is truncated upstream
of NC4 (as in 4003delTC) or when NC4
and flanking sequences are substituted
with a stretch of 25 erroneous amino
acids (as in delTC-insGG). The global
conformations of the mutant isoforms
were indistinguishable from that of the
wild-type protein. The fact that the
C-terminally truncated 4003delTC mu-
tant protein exhibits biochemical char-
acteristics quite similar to those of wild
type indicates that the C-terminal region
(NC1 to collagen domain-3) is not
critical for proper assembly of the
Table 1. Amino-acid sequences of the junction between NC4 and Col-3
Sec180 –HSSSVRRGSSYSSSMSTGGGGAGSLGAGGAFG–
R1303Q –HSSSVRqGSSYSSSMSTGGGGAGSLGAGGAFG–
4003delTC –HSScqagqllqlfhehrrrwcrlpgcrrclw*
delTC-insGG –HSScqagqllqlfhehrrrwcrlpgcrrGAFG–
The sequence between aa 1297 and 1328aa of BP180 is displayed. NC4 and Col-3 are 36 and 35 aa
long, respectively. The GXY N-terminal sequence of Col-3 is underlined. The mutant residues are
bold lower cases. 4003delTC ends with a 28-aa stretch of heterologous residues including four
cysteines, while delTC-insGG contains a 25-aa stretch of nonrelated sequence including three
cysteines. The extracellular domain of BP180 does not contain cysteine. *, indicates the C-terminus.
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Abbreviations: NC, non-collagen domain
BP180 protein. This conclusion is con-
sistent with previously published find-
ings (Areida et al., 2001; Franzke et al.,
2004).
In contrast to the wild-type and
R1303Q protein preparations, which
consisted of both trimeric and mono-
meric conformations, the 4003delTC
and delTC-insGG mutant proteins were
found to be expressed solely in their
trimeric forms (Figure S2). Dissociation
of these latter two proteins to their
monomeric forms was observed only
after subjecting the proteins to reducing
conditions (Figure 1). These observa-
tions are likely owing to the formation
of intersubunit disulfide bonds invol-
ving the cysteines encoded by the
frameshifted regions of 4003delTC and
delTC-insGG (see Table 1). The wild-
type and R1303Q proteins contain no
cysteines.
A protein’s sensitivity to proteolytic
cleavage is a sensitive structural indi-
cator for proteins that form collagen
triple helices. In this study, we deter-
mined the melting temperatures of the
wild-type and mutant BP180 recombi-
nant proteins to evaluate the influence
of the mutations on protein stability.
The melting temperatures of the three
mutant proteins were quite similar to
that of the wild-type protein (in the
range of 41–461C), providing further
support for the idea that no major
global structural alterations were in-
duced by any of these mutations (Figure
2a; Table 3). However, our analysis
uncovered evidence that all three mu-
tations brought about a similar local
destabilization. The 41C trypsin-resis-
tant bands from the mutant proteins
were shown to be approximately 7 kDa
smaller than the wild-type resistant
band (Figure 2b; on average, the
resistant band is 96 kDa for sec180
and 89 kDa for all three mutant iso-
forms; Po0.001), indicating that
R1303Q and delTC-insGG proteins
contain a trypsin-sensitive site(s) not
present in the wild-type protein. This
observed shift in size can be explained
by the unmasking of a trypsin-cleavage
site in the NC4 domain, presumably
caused by a local destabilization. The
smaller size of 4003delTC’s trypsin-
resistant fragment is apparently owing
to its C-terminal truncation.
In summary, our findings indicate
that the three disease-associated BP180
mutations (R1303Q, 4003delTC, and
delTC-insGG), all of which affect the
NC4 domain, do not grossly affect
the structure or stability of BP180’s
extracellular domain. R1303Q and
delTC-insGG mutations do appear,
however, to cause a localized alteration
in protein structure, presumably in the
area of the NC4 domain. Since proteins
containing the R1303Q substitution
and the 25 amino-acid exchange
caused by the delTC-insGG mutations
are stably expressed in the skin of
affected non-Herlitz junctional epider-
molysis bullosa patients, it appears
that the structural defects defined in
this study have a major adverse effect
on BP180’s role in maintaining derma-
l–epidermal adhesion. In more explicit
terms, we hypothesize that the normal
conformation of the NC4 domain of
BP180 is critical for maintaining the
function of this protein. One possibility
is that the NC4 region harbors the
binding site for one of BP180’s extra-
cellular ligands. Relevant to this
point, it has recently been shown that
the C-terminal region of BP180 is
capable of interacting with laminin-5
(Tasanen et al., 2004). Future
studies will be aimed at more precisely
defining this structure–function relation-
ship.
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Figure 1. Crosslink analysis of BP180 mutant proteins. Sec180 and its various mutated forms were
subjected to chemical crosslinking using disuccinimidyl suberate. For details, see Supplementary
material. The experiments were carried out directly on the conditioned media of the transfected 293-
EBNA cells. After fractionation by SDS-PAGE in denaturing and reducing conditions, the multimeric
forms of the proteins were detected by Western blot with antibody R594. The disuccinimidyl suberate
concentrations are 0 (lanes 1, 4, 7, and 10), 0.1 (lanes 2, 5, 8, and 11), and 0.5 mM (lanes 3, 6, 9, and 12).
Owing to the nature of the crosslinking reaction, the homotrimers comprise a heterogeneous set of
structures, which explains the broad banding pattern in the SDS-PAGE gels. Owing to the C-terminal
truncation, the monomers, dimers, and trimers of 4003delTC are smaller than those of the other three
proteins. M, monomer; D, dimer; T, trimer.
Table 2. Stoke’s radii of sec180’s mutant proteins
Average Stoke’s radius (A˚)
Recombinant proteins Trimer Monomer
Sec180 136 91
R1303Q 138 92
4003delTC 141 Absent
delTC-insGG 143 Absent
Two chromatographic profiles, as seen in Figure S2, were used to determine the average Stoke’s
radius for each protein.
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SUPPLEMENTARY MATERIAL
Table S1. Primers used to generate BP180 mutant
isoforms.
Figure S1. Schematic representation of wild type
and mutant recombinant forms of BP180.
Figure S2. Superose-6 gel filtration of sec180 and
the mutant recombinant proteins.
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Figure 2. Thermal denaturation curves for sec180 and the mutant recombinant proteins. (a) The BP180
recombinant proteins were metabolically radiolabeled, concentrated by immunoprecipitation with anti-
BP180, and used in the digestion assay as a bead slurry. For details, see Supplementary material. They
were first preheated for 5 minutes to discrete temperatures from 20 to 541C and then digested with trypsin
at 201C for 5 minutes. Protein degradation was monitored by fluorography (after SDS-PAGE in denaturing
and reducing conditions) and the intensity of the bands was quantified by densitometry. (b) The four
proteins were processed as in (a). They were incubated at 41C with or without trypsin for 5 minutes. The
protein detected after trypsin digestion corresponds to the resistant fragment. The protein sizes were
determined by comparing their relative gel mobilities with those of a set of standards. The size of the
standards is given in kDa. U, uncut; D, digested.
Table 3. Melting temperatures
(1C)
Sec180 44.871.4
R1303Q 43.572.2
4003delTC 42.771.6
delTC-insGG 43.271.3
The melting temperatures, temperature at
which 50% of the proteins are unfolded, were
determined from three independent melting
curves. The results are given as mean7SD.
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